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*U£\ G a NO< 1-10 0 >^[o]tC7 -f >T> K^^-X;K(7)S i 02^^)^ 
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oBtK^-^-^s^fb^HtL^- t^^ttrv^ao £?>c i& 3 r 
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, p - n pimmwK i n m g ^tfcffci-a - 1 & * o t#£ 0 

[0 0 0 8] 
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ie«* J **o -<7)^f&HJ;&^ pSK-^h (Mg) UIKwOF (S 
i) *mmizy-y° (nK-7°) pi K— h £ nl K-^v h 
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z> vm^miw^m*w®.mzftttztzft\z&m\zfflfov^ umizx y)w& 
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nl^«ttlll^4 ( H 1 E 1 9 c m-3jJJL±-C*4Ct ZH$fflct-f2> 0 Mi 
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S*±I ttit7 7 >f 7S« 11 SrKSf *fflv»ta^*ff *o o f«f, & 
i#-Lrt:3fe«l l^MOVPEM (m^-r) <D&fc-tp\H<DV-t-??iZ&WL, 
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m^^2 0 nraOG a N «t %2>\%M.'< ? V Tm*$L&1r& 0 Wt^X , JRlEtfF* 
^1 0 0 0ti:Jt'#fiL, niK-/OhtUv7> (SiH 4 ) #x££t 
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t)^-5nl3>^^ni2^iftt^o h; ,>i*-;i'7/i'3- i >A (tm 
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A ) i> MS L^^ ?| o, J¥£ 7i ? *-J 0 . 7 mm -C S i ^flHfeiilS i>*%) 5 E 1 7 c m~3 
O nIA 1 o.07G ao.93N «t ^^ni^7'y Kl 1 3 ^SSt^o li^T, I? 

1 2 0 nm-CS i >FHi9aUkmti s & 1 E 1 8 c m^nlG a N «t <0 
l^^>f Kil4*l£ftLtft, fiS^I^8 0 0 "CHi-CPiiaL, ^rt'JT 
x£7kSf7^<bMSf^HLT, F^f;K>y^A (TMI) fcTMG*M 
LXW Ztfffi 3 nm<D I n 0 .lG a 0 .9N X *) K^M^R (3®) fc, J?£^ 
9nmWGaNJ:Di4A'iJ7l (21) f> 4 4 #11^ #pffitti S: ftlEt 
So ©ft* <A||jfc^£fa± ^ 'j rm<Vf&Mm iz S iH 

4^(>MU, A'JTl^CS i^M«S^2E 1 8 cm-3fl«coS i 
£ K-n 0 V7Ltv^ 0 ft, ^MOHtftitcoi^fflii, K® l 4i:£v^ 

*»t>IK#tC, |l«Ga N'*'J 71 1 5, ilWI no.lG a 0. 9Nk^#P" 1 6 
, |2<?)GaNA'J 7117, |2« I n 0 . iG ao.QNttltP 1 8, |3©G 
aNA'J7il 9, n 0 . lG ao.9N*T-#F^2 0tM o 3l§8c^T, 

m Ztffo 1 5 nm (0. 0 1 5mm) <DG a Ni 0 £**MJi 2 1 %J&M1r2> 0 

tztzt, ^mnmmxu, z<D#mm2 k±, »i:M^itiDL4^7> 

»; 7#*£M*^7kSiCglLT, pSKwO ht**4Cp2Mg^S:ffi^ 
Lfc* s <b, )?£^j2 0 nratMg»i»ll E 1 9 cm-3(0p|A 1 0 . 
18G ao.82N=t *) v 7°m 2 2 £j£;ft-f £ c mZ&ft) 1 2 0 nmf 

Mg^fgg^ 1 E 1 9 c m-3<7) p IG a N J: *) 2 <r>%if ^ KJf 2 3 

£i£J|-f£o &V*T, J¥£«J0. 5mmtMg^«S^l E 1 9 c m~3 
<7)pMA 1 0.07G ao.93NJ: *) p 7 v KJi 2 4 £^51"^ 0 ft&K, I? 
£/6 5 *-jO. 0 5mmTMg^ift^8ftj£a*$7 1 E 1 9 cm^WpIG a N =t l9&£ 
pl3>^^M2 5*tStl. (HI) o ^14®#i5<7)P-^WifM 

m£in2 tc^i- 0 

[0 0 2 9J 

dt\ tpfflm 2 1 OMff^IS^Ko^T^limi* Ltz&^kZ&^&o nIG 
a NS^<7)iE7LOt£ti:ft£Mi--?>^i6C nIG a N t pIG a N "CHUdc $ *l 
S P - ng^f A>f ^ * 1 7 7 >f 7i«±C^!l Lfc (E^r-n 0 



ailE# 2003-3064799 



mi 2002-062962 



^-v: 12/ 



nttfrumm (sem) *m^tzn.^mbmmii& (ebio ci^, 

^§W$tL^T'/'?>f ^UfflBOp - nS^ffltfJ-fctttSLfco "^IS^ nlGaN 
«^OiE?L^>l£ftSii0. 2mmejRT*-6Cfc*l.tbL^:o L/i ; ot, El 2 

J£il<r)W&& (0. 2mm) i H^IIiftt^CtWJ t^o 
[0 0 3 0] 

IMS) fe*fflv>T, pi K-/n°> h-C**MgO©tte^Olfi:tS[^«r^fiiliL 

(HI3) o 03^?>, Mg<7) K- t°>^^^^LfjpMA 1 Q.lgG ao.82 N ^ 
+ 7712 2 OETCJi7> K-^G a Mi 2 H«LTv^^\ Mg^' 
SteSrt (S3(7)M : f-#P2 Ori^fcl <0S^-#pfl 6 UtRHtT) (Cl£tfeL-rv* 

E 1 7 c H 2 Otf#P 1 8 "Cl±$j 2 E 1 7 c m~3, $ 3 Oif^p 2 0 

-C(i|-J3 E 1 8 c m-3-e^>^>o 
[0 0 3 1 ] 

[0 0 3 2] 

mmmmimm (s io 2 ) «t ^^^^mr-Jtflt^^o ^^it 

2 5 <T> <J y vffMfitt ( V 'J viPMti^ 2 mm) O^tc P v^. h M^S^ «fc n K1" 

■7 y BI^T-I^* LpS3>^^M2 5*ItB^«o i^t, 'j y 

^Llf^O. lmmflJt^-r^o -eof^ 7-fe h W*«»iflE*-J: *K 'J 
y v±<7) I/v?X hR* & o 
[0 0 3 3] 
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f>n-nl3 > ? ? Ml 1 3 £lftii$-t!:&o itz. p i® t nM<7)m%Mft%m 
S i02^f> 4' m 2 6 "C;SJj£ L> '1 7 vf£g<0 P ln>^ M2 5 ±<D 

y;U5-^A (A 1 ) L> pffiijmS2 8 <h LT-^^ (N i ) <hS# ( 

pt) <h£ (Au) zmmifm'f&o 

[0 0 3 4] 

M^+h7r^r^6o< i-io o^ft^^i^u, s^i i t^£Hfl£ie 

(ElTj^-f) ^^It^o ft, l^-^*ii§lftfi 7 5 0mm £ Ltz 0 Wt^X , 

S i 0 2 tr@JHL^?> (T i 0 2 ) ^3^^«Jt^ti 

[0 0 3 5] 

Hl£ C / "? - Wl/- CO 2 ^ § £ £> & o T U - W -7° K 53^1 

FtffcHlt (s i c) 7^&&^r-7^> H3#Ba£^L-cii2§i-.?>o 

[0 0 3 6] 
[0 0 3 7] 

^tzo Z(Dm<VMmWtL&£V i *n-7°v))i£l$&* 6 0mA, 0. 8W/At* 

x(D-^ytthtj (a pc) f^t^iiL^: (06) o me^h, u-^rmi 1 - 

1 t*^M$ (»^mvrL(7)liW) lilBtPaW^ 0. 9mAfiJS-e^)i9, 10 
0S#p B ^^^B#p B 1 mmMftmfaV) 2 fg) £*£f£L£o 
[0 0 3 8] 
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±|B# 1 (DmMfc&Oit&fflk LT, T > K--7°G a N4>fBJJg 2 1 H S i * K 

- M y y l o v> r , m g rt^ofetk^ffi. * ifc$e*£i* L 0 

[0 0 3 9] 

*Jtt£0fl 1 *fOK3fi^Sop«B»±, T > K-"7°G a N^Wfli 2 1 * 

S i K-7°£#feL£nMG aN«fWJ12 1 attW, ±ISH 1 nmffl&l&t 
mWiT«$>2> 0 tztzL, CWnSGaN^fll2 laOS i ^#M&iftJt(i, a'')7 
S t iqgJSOjKj 2 E 1 8 c 
[0 0 4 0] 

T\ P lF-^>^^^MgMMWI^iU: (0 7) 0 H3 7 
#><b, Mg«lrt (i3<7)fi 1 #p2 O^^ilWlT-^pl 6i:[B]ltt) 

#P 1 6 4 E 1 7 c m-3, % 2 Wi?#P 1 8 X\$1fa 2 E 1 8 c m-3, H 

3 (7)1^2 o -e«±*b l E l 9 c m-3-e**o ±SB» l (omWBB t Jfctfc-t & 
t . & 2 <Z>iT-#p? 18^10^ ffl 3 <7)1T#p 2 0 -C&j 4 jg(7>M g 
Wl*3tCi£tS:Lrv^i t -6 o 7>K-^GaNcf'WI2 li:n 

I^»t*SS i$:K-7t^ (niG a N^ISJJg 2 1a t-f2>) Zt\Z£*) 

ournal of Applied Physics, Vol.66 (1 
989) 605-61 0J t &T<D «t n t:(Sfti^ 0 Jj£ifc-f £ 

H<fc*K MgS i ^ib^^m^WH^tt-e^^^I^^^-r^o z\<Dtztb, 
MgtiS i ^F-y^tt-Cv^fI^^#l>t'»-r^ tOtWS, *Jt»J 
<7)±t^-C(i, fSte/ffi^'J 71TS i ri f K-? , $*LTfc»K 3£:Wi;t2 1 
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#jttfcfli k i *> f^tn l 7t u - -f *t 2 (± , x izxty m&mwtmm izm ^ 

tz 0 Z<vm<Vffl1&Wfate£tf7.n--7$j)mte&* 7 5mA, 0. 5W/A^c 

£*)&TLtzztizmmLx\<*2>i><D£&t>tL%> 0 zmzmtxit, &mmmz 

<^*Wm^miJt (0. 6W) <Ql'—*rm=f-*MW\LX. 3 0mWOAPCi 
^tf^IILf: (HI 8) o G aN^U-Hfo#^B#K(±m*m^^ 

§<flc#i-££a6C raSJS<om«*t?l^— F'f5tT-£JtjgcL&^<h, fgftJgrt 
com g ffiffe^si t m t offliw M^^st n <b v> tzto-eh* o t l 

at) -c&*K ftii^^ft^jttf-r^-t^^o^o -t- 

SRT 2T(i, (±|b|*IS (jjstr 1 K 1 0 cm" 2 ) T*&£^\ ffittlF^WMg 

&ifc^^&££#>^ f^Billll^Dti/^Ct^JlCio^o fife 

§Hrc&& c t *4-mm#>Tn.m Ltz±mmmiz±£^ 0 

[0 0 4 3] 

ft, *)tmfflX-li. *Pmm2 1 (2 1a) £2^&&<£>GaN"Cfl|j£L*:7& ? , 
3 7CflSOA 1 G a N&cttf I n G a N. $ h \Z 4 tc?SJ|?> A 1 I n G a NT*ab 

[0 0 4 4] 

iW)^^ (G a A s ) .mVcJyfjU (InP) £ £ -b 1/ >it v > ? (Z 
n S e) ^^1feO^^*frUi3V^T^^^^* f t>aifflpr^-e*^o 
[0 0 4 5] 

(* i <n>mmm<r>itm.m 1 oiisn^) 



mtE# 2003-3064799 
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^-vl 16/ 



±ifij:b»j i o&mmm tu, u m g £ w k k - t? > *~ l £*t 

[0 0 4 6] 

K-yGaN4>Hi2 1 Lfcl$£/ej£ft«:#T-r* - JJW±, ±SE* 1 

& Sfttt (fftft 1 ) t K- fcf > ^'l^t ^$4- 2 ) * zgfii L . ItttlOMg^ 

#fc»ftllli»lE19cm-3fcl^ 0 H9(^ ±f eKfl- 1 1 1**4- 2 <9 7 * h )V a 
^•y-fc^ (PL) ilJ^fFfffifSm^^i-o PLvIIJ^ti, ^\^A-*K 

5 (He-Cd) \s — ^%Wi&itMb LtlS"CiiL^: 0 0 9*^, Mg 
* K— tf > 7* L 1 T*t±, P L kf - 7 SfiJS* r #5) 1 /2 5 0 U« U 

^^^ofiT^IIS^tL^o Mg£ K-fcf^LfcvMKE^-eii, P 

L fcf - * 4 0 0 n m"C& o fzfr\ gftft 1 T?Ji&} 4 3 5 nmkft5 5 0 n 

Mg£ K-H°>^i-^>^ tCi 19, I n G a Ni^FRUS^ilfi^DS?^ 

7&> h , _LffiJt»J 1 O V- ifmFS- 2 <7) HffittH££ i^'xn- T^^^T L £JK 
[0 0 4 7] 

(* 1 nmnfmvitmw 2 ) 

±ia» 1 (ommnm<nitmmt it, r > k-7g a n*fw» 2 1 vmmzm 

[0 0 4 8] 

^Jfc»J 2 WISig^fe^ffiMfflli, 7>K-yGaNtPli2 1 (7) 

W30nm ££0*6 0 nm ( — *f 4 ) tt^^k 

±IfiHl<7)^W^<h|Blfl|-e*>^o fcrtfU -^#M)¥(iiE?L^raS (0. 2 
mm) \>\-TX*h%> tztb^ xkfm HiE7U ? ^J^^ < ffiA £ *i& t fitfflij £ ti^> 0 
[0 0 4 9] 

mtE#2 003-3064799 
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^-v: 17/ 



Mg(Dfetm^i)£miimzwmLf2o mi o^^-^*T-4(;^tt^>s i 

MSISm^-^-To 11 1 Ofrh, M3 titmtX, Mg<9®14Ji|*] (|3<7)f^# 
F?2 0^t)Il<7)iWl 6H|p]ttT) ^<7)^^p$IJ$nT^^^^^^ 

7 cm-3 mtamwmm) t*^ 0 ±iEiioiiiicoi/-ftT-i tjt^-r 

4^/12 1<7) HI)? ^iiiP$-^^C tiZX 19, plA 1 0. 1SG ao.82N J r-V 
•7 -7°g 2 2 t t osggjt^if #n1-£ 7£t£/ii*j^<7)M g ira^P 

$lJ$tLTv^ 0 ft, lx-+P"^T-3coS IMS^^J:*fS14Jii*i^OMgK:tfe^ 
(i, 0 3 <h El 1 0 <D * p B ^Bt) <h & o fc 0 
[0 0 5 0] 

& 1 Oiiii^»J 2 li, l^-^^ttHJ^T^^^^^ %!WWLZm 
[0 0 5 ll 

^jt^u iz±t)ftmLfzu- irmi- 3 isx x/mi- 4 1± , sj;t v± a tz £ «9 mm 

(i5 5 mA, 0. 9W/A-C£>*K V — +f S^F" 4 "C (i 5 OraA, 1. OW/Af 

& o Ttio ±ie<7) - -*f n 1 1 jtfsc-r £ <h , m mm$L& x u - -y°*m ti>iz 

mm^M g J£iH&MtZ £ 0 ft_k L £ - t l,z&m L T t S£> *i & o tz tz L , fS 
ftmWO. 6WMS<7)#l--^^^^lt^^cttJ^J3 0raW(OAPCf^,i 

T-ti, ix-^t-3^i i ostp^ p-fi?-4ti 2 5 wmso^t^-e 
i^-^T-i (@6) <h jtie lx mm tcmftzmtmtiz: fr^tz 0 z\<d% 

itmm*mhi)HZ-tZ>tztb^ APCf^-«(?)l'-fl^4 tz£^TS IMS 
5MJf£l£jiiL£ (HI 1) o Ull l^<b, APC#^M^hu^)S IMSIS^: (U 

io) titmLx, m^m^x^x^nm^^ug^mm^nLx^^mi 1 - 

tffofr%> 0 Z(Dm.Mili. l^-^T-4 -e(±$SfS^S^v^ 1 E 1 0 cm-2) 



mtiE# 2003-3064799 
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^-v: is/ 



o 

[0 0 5 2] 

7>f -?\,zfc^X5kifrtZ>3-\'? hn^Uy-b>^ (EL) 7t^m#^^T-v^ 

x (ccd) * ^ 7 c <t ^7 7 >r rs^ai^^iiL^: (m^-^-r) 0 v 

^M^jfi^W*^ Bl^^m*N o. 1 28p-E-12 p. 3 6 9 J 
£t}\ c:<z>:a:ffiKJ:&£, H*tf ^lifettl±t:#ftt-?. plA 1 G a N^rt 7 
"7°g ri f EMM # M & £ £ S -t*"C v > * # i: Ltv^o L L * rt* £ , 

Htc£ < Jtltt-r*/c*, MiiMH&v>T& COlt^ItB L££&{i#1£li;*:£ 
v> 0 P-Hf^4 K*5U>t\ AP C^^R^Htf^OE L itmLtz 

[0 0 5 3] 

ft, tfli2 l<Dlf^ 2 0 0 nm (0. 2mm) fc L U - -IFJRT- & fMtt L 
Mfiili&l&«K(±iiJib$:^ofco cttli, 4>ra^2 1 (Dmm&ttkDtiLfk 
ft (0. 2mm) mmX'$>2>ti»b, ^14®^OiE?L<7)V±A^W±ipItcfg:T Lfc 

[0 0 5 4] 

ft, #Jt«ffllT?H, <£H8»2 1 £ 2tc^ b h h <7)G a NtMf*l£ Lfcri*, 3 xiSJlO 
Al GaNioiJ/I nGaN, ^ h ^z 4 tlM^ b <D A 1 I n G a Nfiotiaffl 



mSE#2 003-3064799 
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^-v: 19/ 



[0 0 5 5] 

VOf^^U ( G a A s ) , ;$Hbf >v7i* (InP) & J: Xf*. V > ft V > * (z 

n s e) tz t(D\^(D\t^m^mm~n^x i>mm^^hmmm^x^^ 0 

[0 0 5 6] 

(^2WI1I1) 

pmv-^y bx^^Mg^ummm-r^^ tx\ mu&xzFnjt&timi't^ 

[0 0 5 7] 
[0 0 5 8] 

|U i 2 f±#*Sfc^JBU::#a l--^f»Jl5cifffiEl^^LTv^ 0 £ -f, (0 0 0 1 

mfrvtzmm 2 1 tMo v p Emm (mw^-n owrt^t-ty^cffi l 

, KJZfcZM^ffl^i-Zo ^v^T, RE#|*I^I±^^3 0 OTo r r <7>7Kif#IS 

u ^jt^^i 1 0 otct-e#sLtit2 1 zmmLmwv)^—?^? 

- - > jjrfcft 1 0 ^P^tSt -? o 
[0 0 5 9] 

Sli>^^^5 0 0°CH*-ep«L7t:^, S1S2 10±I±C, 7 
sccm«M)>fi^ , 'JW (TMG) <t , £y&a:7^ 7 . 5 s lm«7>^- 
T (NH 3 ) #*<h, ^t'JT^X^ LT**<!:£|5]B#tlftt|£^£^<hUJ; *K 
J?$# ? 2 0 nm<DG aNJ: <9 7 r/f ^J&ft-f&o Wi^X , 

OOOlCCJ^ai, nlK-A">l«Uty7> (SiH 4 ) 
InLt, ff £ 7&^t 4 mm tS i ^^^iiftS^-J 1 E 1 8 c m-3<7) nlGaNi 
19 nln > * ? hJf 2 2 £j£;R1-&o #cH, F'J^f^r;^-')^ (TM 
A) &£t*£L&7^ J?£t^0. 7mm-eS i ^^aftjg^ 5 E 1 7 c m"3 



ffiSE#2 003-3064799 
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^-vl 20/ 



OnlA 1 0.07G ao.93N X »9 nl^ 9 y KJf 2 3 £j£:ft-f & 0 $cV*T, J¥ 
£ t5 ? £j 1 2 0 n m-C S i ^&yjWk&tf%) 1 E 1 8 c m"3co nlGaNi H^i 
1 V>ltif4 Kg 2 4«IL £ft 8 0 0 °C \z i T^fi L, ^-v'JT** 

X^tMRt^M^H^HLT, h'J^f JHi'y^A (TMI) ^TMG^M 
L t H ? ^ 3 n m<7) I n 0. 1 G a 0. 9N i if-^P (3S) <h , J¥Sri*ft 

9 nm<7)G a N <fc 75 (2J1) rt»t> 4^ ^11T-#P ?SttI ^^Mi" 

* 0 ioRj, fsttwon^^sripji^**^*^, /-?»; Tmoi&Mm t^s iH 

4^(>ML-C, /^TgO^KS iWII^2E 1 8 cm-Sfl^S i 

£K-e>^LT^s 0 ft> iSttioiiiiw-#iii, KS2 4tciSv>^ 

llOGa N/*U 7125, llWIno.jG a 0 .9Nf^#P 2 6 
, |2WGaNA'iJ 712 7, |2<7)In 0 .iG ao.9NsT"#pf 2 8 , I30G 
aNA''J7f2 9, i3WI no.iG a 0 . 9NmT-#P 3 0*e&£ o 3l£8iEnt\ 
£$7& f &6 0 nm^GaNi *) 4>HUJf 3 1 Zf&mirZ> 0 tztzL, 
"Cti, ±IE^^S3 l<7)J&ft^H, s i H 4 7yx(7)jJt^M^^pL, it«H|J»3 1 

Kf±, tpmm 3 1 <7>WtJVSMfe<Olfo 1 5 nm(±7 > K-7fc U 5$ 4 5 n m 
* S i H^/X^fftL S i ^WtoWLWfiZ E 19 c m-3^j£o nlG a N <t & 

teLfcri*^ mZl) t $)2 0 nmtMg^MS^l E 1 9 cra^pIA 1 
0.18 G ao.82Ni *) * * y?m 3 2 £j£H1-£ 0 J¥£t^£j 1 2 0 nm 

tMg^itliM^ 1 E 1 9 c m-3c7)pMG a N J: <9 4412^^ Kg 3 
3iJ&mirZ> 0 Mv^T, J?^7>^0. 5mmtMgMftll^l E 1 9 c m~ 
3^pMA 1 0.07G ao.93N X *) pM? 7 y KJf 3 4 £j&ft1-£o ftf^H, 
mZtf%)0. 0 5mmt?Mg^*fe^i$^ 1 E 1 9 c m-3<7)pIG a N <fc * 

spi3>^M35Mn (eh 2) o tfc, ^tti#i5<oi/— vmm 
mmmzm 1 3 htf-To 

[0 0 6 0] 
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^-vl 21/ 



> K-^KSOHI?^^ (»15nm) U-^T" 1 (HI 3) tit 

m-f&t, MgWK-tV^^L^pIA I0.I8G ao.82N^-V^-7°® 2 2 

wjtT^^raa 3 i i)*&&tz> ztizzt), Mgofsttw^oifitfe^ffiuwi 

#P2 6> $ 2 <D»T-#f? 2 8 & I tfg 3 3 0t\ £ & Kft 1 E 1 7 

cm-3 tfkmmwmm) ^mm^^mm^mmm ©6 0n 

m) -c^au— <f3R j ?-4 (bio) titm-tzt, mnm\H<DMgmmmmm 

(*-n>ffl£ftffl) K«fc»K MgS 
Mt^o Z<Dtz#>, MgliS i rt* K- -7° fl^Cfra U -eofiMT- 

^c5gfb-r**>ofcmt>tL-6o ^iiii^^^it fins 3 1 gem 

5nm) t*3El 9cm-3SS<7)iii:S i K-^iitv^^*, P 1A1 0 . 
18 G a 0. 82 N + t 7 7*Jf 3 3 t (7)fItM g©*f 4 * T v ~f) #&£rt£ 
o Z.<ntzib, $£tfei-^Mgt±_h|e#M^*ft J 1-^>-<hT% ;&ttjf |*1^<7)M g 
S[A f Iff:*P*IJStLl)e SfcK. *KI«3 l<DJ&mffi¥- Gftl 5nm) Ii7> K 
--f<T>tz*>^ (t>KIV3 l<om&&¥ (ft 4 5nm) -Cil^J K-7Lfc S i #\ ££ 
3 3 0 KjEIBtt* d 4<Hlffll $ o 

[0 0 6 1] 

[0 0 6 21 

[0 0 6 3] 

^tZo Z\<Dm<DMUWtfli5i.Xf*U--fyfom*&* 4 5mA, 1. 2W/At4 



tbliE#2 003-3064799 
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^-v: 22/ 



, ±SB* 1 ^Ifitl^SS (0. 6W) (DU—tfmT-ZmWILX. 3 0mW 
OAPCf^M^ILf: (Ell 5) 0 ^itLt, U-ff+5«$li 

u-f*?i©i/3fegit (ii$ibj=££*) 0. 3mAgjK) o , #fftB#IW • 
t>*>, u-ifm^i tm=F5Xit, mtL^mimmm (sieio cm-2) -e* 
wbfrizK^tzo %.iz, ^mm^mm^^-^rm^s tmmm. (inonm) -e 

lt, mmmi&mtffimmtii&mm-^&twMznx^fztiK 

[0 0 6 4] 

^mmmmxa, ±u*mm3 1 (mmm : 6 o nm ) or> K-r^# 

t S i K-«<0ilf*^^ 1 5 nrafcitM 5nmt Lfcrt*, C<7)BIf?^ge 
t>ft£ 0 fcrtfU >^^S3 1 OifglSffiiETLOiStfcft (0. 2mm) &>T"Ct>Z 

ztmi-t 

[0 0 6 5] 

ft, Wlfli, flSJ*3 1 £ 2tc^h h b <7)G a NtMSfiK Lfcri*, 3 7C^ H e a 
<7)A1 GaN^i^I nGaN, £ <b K 4 7C^ b b h O A 1 InG aNtiotti 



ffi!E# 2003-3064799 
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^-v: 23/ 



[0 0 6 6] 

Wtit1f')V& ( G a A s ) , m\t4>i/*>** (InP) £> «t tf-b V >it V > 9 ( 

z n s e) ^t'^m^it^^mm-^xiiMm^^mmnmx^^o 

[0 0 6 7] 

(m 2 onitBiss^Jtteffii 1 ) 

±.Um 2 cO^it^Ojrfcie^Jt LT, ±SE*WJi 3 1 <7) S i «j££fHfc$-£fc 
[0 0 6 8] 

1 7 c m-3 ( u 6 ) , S2E18c m"3 ( V-^mi- 7 ) £3 <£ ?/ft 1 E 

1 9cm-3 t-t&mu ±mm2<7)mMjfm£mmx*$>2> 0 m 

y l/-ff?7<7)S ill 2 E 1 8 c m-3) (i, TfW S i Wk 

mtmmxfr&o ttz, l/-W80Sii« (ft 1 E 1 9 c m-3) 14, p 
MA lo.lgG a 0 .82N^^r yff§ 3 3«Mgl!lfcBil|f*4o 
[0 0 6 9] 

*Jt«fll 1 <7)^H B H fi5cft^T L V — 9 s * xa - \zis ^ S IMSM 

v^r. ug <Dm&m^<D®:mjtWiZwmLtz mi e) 0 mi 6^<b, ^rco^ 

— *f3SKPK*3i/>T\ Mg^ltil*! (!3<?)i?#p2 0^^il(Oi^#pl 
6KIPJM-T) CliLTv^i^^^o fcrtfU M g*£t$tf>fIJgf4, U— «f 
HT- 7 t5*S & mmx~*> *) , ^tl/- 6 , U -^t- 8 Oflg^TtEffc^jqi 
$IJ$tL-CV^C t^fr^&o V--»f'*T-8-e{4, V--if ^5 fcffi&KM 

g<£>*fi (^'f^7 7 7') 7& ? ^L-rv^ 0 J£JLLri»£>, MgtfctfcfflJflJg 3 2 OS 
ill^plA 1 0.I8G a 0 .82N^ J f '^13 2 0MgiH (ft 1 E 1 9 c m~3 

[0 0 7 0] 

£k ^^is^.T*{4. _tfs*MJi 3 1 mmm : 6 o nm ) <t>t> K-yint 

t S i K-7lIf£^ Hillf 15nmfe < tO f 4 5nmi: Lfcrt*, -Oflgiy^K 



ffiliE#2 003-3064799 
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^-v: 24/ 



btiZo tztzL. *mm3 1 <Dmmmitj£iL<?>mk& (o. 2mm) jar-?** 

[0 0 7 1 ] 

ft, *Jt$Sc#JT-(i, (pm« 3 1 £ 2 7C^ b b b^G a N«L/:^\ 3 7ntft H B H <0 
A 1 G a N£ I n G a N, $"bi:4 7Cl H H B <?)A 1 I n G a NT?*oT<>Siffi 

[0 0 7 2] 

ft, #Jt«0!-?ti, S^mill-V^L-^WSfflCOV^T^L^^ fit 
ffctfV^A (G a A s ) , #ffc>f >v*A (InP) *5 J: t^-t 1/ > it y > * (Z 
nS e) ^^om^fk^^##U^V^TtS^=Sr* s t>afflnr^ab&o 
[0 0 7 3] 

[0 0 7 4] 

$^Oi3 <7>mMfm^ J: 4 G a N^^2i#^^ H H H «^^l^#H^ 
[0 0 7 5] 

Ell 7ti^*fef^^^ V— Wmi&MUm*7fiLX\i*2>o tr\ (0 0 0 1 

ft7#-L£M3 l^MOVPEti (m^-f) OK^^t-b^^ L 
, TO^*mt^ 0 M^T, RS*Pl*l£ffi;W3 0 OTo r rCOT^m^m 

[0 0 7 6] 

RJED^*j^5 0 Ott:i -CPfcifiLfc^, *1S3 1 <7>±®Jitc, 7 
sccmOMJ>W'J^ (TMG) fc,^*&*ri f 7. 5slm<7)7>^- 



mtiE# 2003-3064799 



mm 2002-062962 



^-v: 25/ 



T (NH 3 ) tfXb, *WT1fXi:LT7kmt*mm~Wi&-t&ZHz£t)^ 
i^^2 0nmOGaNi()^^ft^7 7 7l^tItl> o &v>T\ J£S*p£ 
inOO 0*CH*T#iaL, J?£»J 1mm <7)G a N/13 2 (El 1 

7 (a) ) o 

[0 0 7 7] 

COf&, SS3 I^RIl^^^L, GaNf3 2±t:lMftffl^# 
3 £M;-f£o nfe*ffl!3 3 (i^SMt^S (Si0 2 ) £ L> ^XvCVD 
iftlOOnmgSJIIHJ (HI 1 7 (b)) 0 f^T, *&«I3 3±HI/ 

Wl/yXFA^-^Mt^ (EI 17 (c) ) o (WyXMHOffi < w s ) : 
Wv*M$*1B (W 1 ) ) - (15mm: 3mm) 0 fcrtfU 7, h U 7°^$} 
liG a NlO< 1-10 0 >7f[S]T^^o ^^li l/y^H*xyf>m 
* t U, l^y'XF 33^77 gH§i£-ei&* LGaNl32^S 

7 (d) ) o 

[0 0 7 8] 

Z\<D^ GaNitELOMSgtSfc*i:, Xf7^7l«|3 3i ? 
itff £ft£»l£3 1 £±!SMO VP EmW<7)Jxfc-)Fft<n^^7°? iznWML, 
Kfc'fcZM&ffi%1r2>o Mv^T, R]£#5|*j£J±7W2 0 OTo r r <D7^mWm% 
t U ffliSSrjKj 1 0 0 0tt:i-C#fiLt, 7 sec m<0 h 'J *^-)Vjf*) 

*A (TMG) <h, ttfHb& s 7. 5 s lm07>t-7 (NH 3 ) 

>; riSTsh \^ximh^nmzm^hz.t\zx. GaNi3 s^elom 

^fti-^o GaN|3 5tiaH^«fito»!U(±S i O 2 BJP^^r-jfcgS: 

J&* (Ell 7 (e) ) , ^ft«tfi-^i:S i 02»E±Ki£mLTJfcftL (HI 7 

(f) K *?ifX G a NH 3 5 l±¥-1Bik~t& (EI 1 7 (g) ) o ELOIMS 
«tIULt, G aN!3 5 0mii$£fi^S^»f®M«T-^M (TEM 
) -CfFlffiLfci: S i 02fflOUfrX*l£%) 1 E 1 0 cm" 2 , S i C>2±?>EL 

0«B5Hii3v>TI±ft5 E 8 cm-2fcfci), ELOIMICJ: t)ffiZ.®m&l/ 
2 o fIJt tcf&M-e # 4 v £ a* o fc 0 



thfiE#2 003-3064799 
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^-v: 26/ 



[0 0 7 9] 

K-^>M:Uy7> (S i H 4 ) #\XM**SLT, l¥^^2ram-CS 
VdHkm^m 1E18c m-3<7)nSG a N X 4'4nl3> M3 6 £)&J|-f 
Z>o >XIZ, F'J^f^7i^-^A (TMA) iffi!^L4^^, l?£^0. 7 
BimtS i^^?jt*^5E 1 7 cm-3(7)nlA 1 0 . 07 G a o. 93N J: ()4^n 

7 y KJf 3 7 £j&:K1-£o Iw^^T, 1 2 0 nmtS i TO^flftJ£# s 

m 1 E 1 8 c m-3«nSG aNi^^^l co^tf"^ K/g 3 8 ifc&Ltz'ilk, : &. 

(TMI) tTMG^MLTlf$^3nmOI no.iGao.9 
N <£ 19 ^mi^P (3J1) ??^9nmOGaNj:f)^^^'J7| (2 

i ^*£MJt^2 E 1 8 cm-3fI]t<7)S i^K-t>^*Ltv^ 0 ft, f$ O 

mm^mmt, ms* KS3 sm^^m^c ii^GaN^'u 713 

9, Hi no. lG ao.9N!T-#p4 0. %2<D & aN^'J 714 K 31 2 05 
I n 0 .iGao.9Nii 1 #p4 2, i30GaN^'J7|4 3, S3 CO I n 0 . lG 
ao.9N*T"#P4 4-e*^>o 3l£$c^T, J¥£t^6 0 nm^G a N X *9 

, ^3 01^4 4 HiSv^O^l 5 nmt7> K-y<h U ^ <Dfo A 5 n 
m^Si H 4 #'x£#t!&LS i^^tJ»iS^3 E 1 9 cm^JlOnlG aNt 

j: ^;j&fiL£ 0 -eof^, wKfc-m\H<Dumz$) 1 o o orcitML 

'J T^X^a^^ib7K*i~MLT, pi K-/n°> ht^^Cp2Mg^^ 
1£!SL&7^<b, I?£t^2 0 nmfMgW»ll E 1 9 cm^plA 
!0.18G ao.82N£ 1)^1)^^7 714 6 £j&ft1-&o J?£t^1 2 0 n 
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